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ORRVHQLQJRUIUDFWXUHZKHUHDVLQVXIILFLHQWSUHORDGZLOOOHDGWRGHJUDGDWLRQRIVHDOLQJSHUIRUPDQFHRISUHVVXUHYHVVHO
DQG HYHQ OHDNDJH 7KHUHIRUH DSSURSULDWH SUHORDG LV LPSRUWDQW IRU WKUHDGHG FRQQHFWLRQ ,Q WKH SURFHVV RI SUH






PHWKRG )(0 WR H[SORUH WKH PHFKDQLVP RI WKH WLJKWHQLQJ DQG ORRVHQLQJ SURFHVVHV XQGHU VKHDU ORDGLQJ 7KH
H[SHULPHQWDO UHVXOWVZHUH FRPSDUHGZLWK WKHRUHWLFDO UHVXOWV DQG WKH UHODWLRQ EHWZHHQ LQLWLDO ORDG DQG WLJKWHQLQJ
WRUTXHXQGHU HODVWLF UDQJHRI WLJKWHQLQJSURFHVV DQG WKH ORDGGLVWULEXWLRQRI WKUHDGVZHUH HYDOXDWHGE\')(0
1DVVDU HW DO >@ FRQGXFWHG H[SHULPHQWV WR H[SORUH WKH HIIHFW RI VXUIDFH FRDWLQJ WLJKWHQLQJ VSHHG DQG UHSHWLWLYH
WLJKWHQLQJRQWRUTXHFRHIILFLHQW&URFFRORHWDO>@SURYLGHGDXVHIXOH[SHULPHQWDOPHWKRGRORJ\WRGHWHUPLQHWKH
IULFWLRQ FRHIILFLHQWV LQ EROWHG MRLQWV DQG WKHQ WR GHWHUPLQH WKH UHODWLRQ EHWZHHQ WRUTXH DQG SUHORDG SUHFLVHO\
4XDQWLWDWLYHDQDO\VLVRIWKHLQIOXHQFHRIOXEULFDWLRQIRUPLQJSURFHVVVXUIDFHWUHDWPHQWWLJKWHQLQJWLPHVRQWRUTXH
FRHIILFLHQWZDVFRPSOHWHG+ZDQJ>@FRQGXFWHGDQXPHULFDOVLPXODWLRQRIWKHLQVWDOODWLRQSURFHVVRIEROWHGMRLQWV
XVLQJ /6'<1$ EDVHG RQ GHWDLOHG ' ILQLWHPRGHO RI EROW DQG QXW 7KHQ WKH UHODWLRQVKLS EHWZHHQ WRUTXH DQG
SUHORDGZDVREWDLQHGDQGFRPSDUHGZLWKH[SHULPHQWUHVXOWV$QDO\VLVUHVXOWVSURYLGHDEDVLVIRUWKHGHWHUPLQDWLRQ
RI LQVWDOODWLRQ WRUTXH IRU DEROWHG MRLQW LQYHKLFOHGHVLJQSURFHVV*DQHVKPXUWK\ HW DO >@ SUHVHQWHG DPHWKRG WR
HVWDEOLVKSUHFLVHEROWDQGQXWPRGHOWDNLQJLQWRDFFRXQWWKHKHOL[DQJOHRIWKUHDGV7KUHHGLPHQVLRQDOILQLWHHOHPHQW
VLPXODWLRQ RI SUHWLJKWHQLQJ SURFHVV ZDV FRQGXFWHG WR HYDOXDWH GLIIHUHQW FRQWURO PHWKRGV RI SUHORDG WKDW DUH
FRPPRQO\XVHGIRUDXWRPDWLQJWKHDVVHPEO\RIEROWHGMRLQWVLQPDVVSURGXFWLRQ7KHHIIHFWVRIIULFWLRQFRHIILFLHQWV
DQGDVVHPEO\FOHDUDQFHEHWZHHQEROWDQG MRLQWRQ WKH WRUTXHFRHIILFLHQWRIEROWHG MRLQWVZHUH LQYHVWLJDWHG6RPH
UHVHDUFKHUVKDYHVWXGLHGWKHVHDOLQJSHUIRUPDQFHRISUHVVXUHYHVVHO<XNLR0RUR]XPLHWDO>@XVHGHODVWRSODVWLF
)(0WRFODULI\WKHFRQWDFWVWUHVVGLVWULEXWLRQDWWKHEHDULQJVXUIDFHRISDUWVFODPSHGXVLQJEROWVZLWKIODQJHVLQWKH
FDVH RI LQLWLDO EROW FODPSLQJ.RML.RQGR HW DO >@ FRQGXFWHG OHDNDJH WHVWV IRU EROWHG IODQJH FRQQHFWLRQVZLWK
RFWDJRQDOULQJMRLQWJDVNHWVIRUFDVHVZKHUHWKHEROWSUHORDGVDUHXQLIRUPDQGVFDWWHUHGDQGWKHVHDOLQJSHUIRUPDQFH





IRU WKUHDGHG FRQQHFWLRQV 3UHWLJKWHQLQJ SURFHVVZDV VLPXODWHG XVLQJ$%$486 WR REWDLQ UHODWLRQ FXUYHV RI WKH
UHODWLRQVKLSEHWZHHQWLJKWHQLQJWRUTXHDQGSUHORDG7KHQWKHGLVWULEXWLRQRIVWUHVVRQEROWDQGFRQWDFWVWUHVVRQWKH




:KHQ WKH IODQJH MRLQW LV WLJKWHQHG WKURXJKZUHQFK D SUHORDG RI EROW DQG DQ LQLWLDO FRPSUHVVLYH IRUFH LQ WKH
FRQQHFWHGPHPEHUVDUHLQWURGXFHG7KHVKRUWIRUPHTXDWLRQEHWZHHQWRUTXHDQGSUHORDGLVXVHGZLGHO\DQGFRXOGEH
UHSUHVHQWHGLQ(T>@
 in PT F kD   
ZKHUH inT LVWKHLQSXWWRUTXH PF LVWKHDFKLHYHGSUHORDGD LVWKHQRPLQDOGLDPHWHU k LVWRUTXHFRHIILFLHQWDQGFDQ
EH DIIHFWHGE\PDQ\ IDFWRUV LQFOXGLQJ IULFWLRQ FRHIILFLHQW RI WKUHDG VXUIDFH WUHDWPHQW FRQGLWLRQ QXPEHU RI MRLQW
PHPEHUVWLJKWHQLQJVSHHGHWF7KHYDOXHRI k FDQYDU\ZLGHO\IURPa+RZHYHUWKHVFDWWHURIWKLVIDFWRULV






*HQHUDOO\ZHWDNH k  IRUFRPPRQWKUHDGHGFRQQHFWLRQVKRZHYHULWLVWRRURXJKWRJXDUDQWHHWKHUHOLDELOLW\
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ZKHUH MotoshT LV WLJKWHQLQJ WRUTXHF LVSUHORDG P LVSLWFK WP LV WKHFRHIILFLHQWRI WKUHDGV IULFWLRQ EP LV WKHIULFWLRQ
FRHIILFLHQW RI VXUIDFHV EHWZHHQ QXW DQG MRLQW WU LV WKH HIIHFWLYH FRQWDFW UDGLXV EHWZHHQ WKUHDGV EU LV WKH HIIHFWLYH
FRQWDFWUDGLXVRIVXUIDFHVEHWZHHQQXWDQGMRLQWDQG E LVKDOIRIWKHSURILOHDQJOHEHWZHHQWKUHDGV
<DPDPRWR>@DOVRSUHVHQWHGDQH[SUHVVLRQ WRGHVFULEH WKH UHODWLRQVKLSEHWZHHQ WRUTXHDQGSUHORDG LQHODVWLF
UHJLRQ
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ZKHUH YamamotoT LVWLJKWHQLQJWRUTXH sF LVSUHORDG P LVWKHSLWFKRIWKUHDG tP DQG bP DUHWKHIULFWLRQFRHIILFLHQWVRQ
WKH WKUHDG VXUIDFH DQG QXW EHDULQJ VXUIDFH UHVSHFWLYHO\ pd LV WKH HIIHFWLYH GLDPHWHU RI WKH WKUHDG vD LV WKH
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3.1. Material properties 
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)LJ)LQLWHHOHPHQWPRGHODQGPHVKRIWKUHDGHGIODQJH
3.2. Contact conditions 




VOLGLQJ IRUPXODWLRQ WR DVVLJQ LGHQWLFDO VXUIDFHWRVXUIDFH FRQWDFW SURSHUWLHV IRU DOO FRQWDFW LQWHUDFWLRQV )ULFWLRQ
FRHIILFLHQW YDOXH RI  LV LQLWLDOO\ DVVLJQHG WR DOO VOLGLQJ VXUIDFHV DOWKRXJK RWKHU YDOXHV DUH XVHG ODWHU IRU
LQYHVWLJDWLQJWKHHIIHFWRIIULFWLRQFRHIILFLHQWVRQWLJKWHQLQJWRUTXHFRHIILFLHQW
3.3. Boundary conditions and load 
7KH ERWWRP VXUIDFH RI WKH EROW KHDG LV IL[HG DOO VLGH VXUIDFHV RI XSSHU DQG ORZHU IODQJHV DUH FRQVWUDLQHG LQ
FLUFXPIHUHQWLDO GLUHFWLRQ DQG V\PPHWULF ERXQGDU\ FRQGLWLRQ LV DSSOLHG WR WKH ERWWRP VXUIDFH RI ORZHU IODQJH WR
FRQVWUDLQ LWV D[LDO IUHHGRP$ WDUJHW WLJKWHQLQJ WRUTXH RI 1P LV DSSOLHG WR QXW E\ZD\ RI DSSO\LQJ HTXDO DQG
RSSRVLWHVKHDUVWUHVVGLVWULEXWHGHYHQO\RQWZRFRUUHVSRQGLQJVLGHVRIWKHKH[QXWDVVKRZQLQ)LJ7KHYDOXHRI
WRUTXH LVFDOFXODWHGE\T SLW ZKHUHˈW LV VKHDUVWUHVVGLVWULEXWHGHYHQO\RQQXWVLGH S LV WKHDUHDRIQXWVLGH
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5HVXOWVDQGGLVFXVVLRQ
7KLV VHFWLRQ SUHVHQWV WKH FDOFXODWLQJ UHVXOWV RI WKH UHODWLRQVKLS EHWZHHQ WRUTXH DQG SUHORDG DQG VWUHVV
GLVWULEXWLRQV RI EROWHG IODQJH VWUXFWXUH &RQWDFW VWUHVV GLVWULEXWLRQ EHWZHHQ WKH FRQWDFW VXUIDFHV LV SUHVHQWHG DQG





4.1. Relationship between tightening torque and preload 
9RQ0LVHVHTXLYDOHQWVWUHVVGLVWULEXWLRQVRYHUEROWDQG WKHVHFWLRQRIEROWHGIODQJHDUHREWDLQHG WKURXJKILQLWH
HOHPHQWVLPXODWLRQZKHQWLJKWHQLQJWRUTXH T Nm DQGSUHVHQWHGLQ)LJ3UHORDGRQFURVVVHFWLRQRIEROWDUH
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7KHKLJKHVWVWUHVVHVDUHORFDWHGDWWKHURRWRIWKHILUVWHQJDJHGEROWWKUHDGEHFDXVHRIVWUHVVFRQFHQWUDWLRQZLWK
PD[LPXPVWUHVVXSWR  03D DVVKRZQLQ)LJ,WFDQEHVHHQIURP)LJWKDWWKHUHODWLRQEHWZHHQWRUTXH
DQGSUHORDGEDVHGRQILQLWHHOHPHQWDQDO\VLVLVLQJRRGDJUHHPHQWZLWKWKDWEDVHGRQDQDO\WLFDOHTXDWLRQVGHULYHGE\
0RWRVK DQG <DPDPRWR ZLWK WKH HUURU ZLWKLQ  7KH VORSH RI WKH WRUTXH±SUHORDG FXUYH FRUUHVSRQGV WR WKH
WLJKWHQLQJWRUTXHFRHIILFLHQWDQGDUHREWDLQHGWREHIURPILQLWHHOHPHQWDQDO\VLVZKLOHWKHWLJKWHQLQJWRUTXH
FRHIILFLHQWEDVHGRQ(TDQG(TLVDQGUHVSHFWLYHO\$QDO\VLVUHVXOWYHULILHVWKHPHWKRGXVHGLQWKLV
VWXG\ DQG SURYLGHV D WKHRUHWLFDO EDVLV IRU GHWHUPLQLQJ WKH WLJKWHQLQJ WRUTXH IRU WKUHDGHG IODQJHV VWUXFWXUH RI
SUHVVXUHYHVVHO
4.2. Contact stress and Sealing performance 
,QRUGHU WR DQDO\]H WKH VHDOLQJSHUIRUPDQFHRISUHVVXUHYHVVHO FRQWDFW VWUHVVGLVWULEXWLRQVRQ FRQWDFW VXUIDFHV
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$V LW FDQEH VHHQ IURP)LJV DQG WKHPLGGOH UHJLRQEHWZHHQ WZREROWV LV WKHZHDNHVW DUHD IRU VHDOLQJ IRU
SUHVVXUHYHVVHO,QWKHILQLWHHOHPHQWPRGHORIWKLVSDSHUWKHVPDOOHVWFRQWDFWVWUHVVRFFXUVDWQRGHVRI(GJHDQG
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4.3. Effect of friction coefficient on tightening torque coefficient 
0DQ\IDFWRUVFDQDIIHFW WKH UHODWLRQVKLSEHWZHHQ WRUTXHDQGSUHORDGDQDO\VLV UHVXOW IURPUHIHUHQFH>@ VKRZHG
WKDW IULFWLRQ FRHIILFLHQW KDV JUHDW LQIOXHQFH RQ WLJKWHQLQJ WRUTXH FRHIILFLHQW )RU EROWHG MRLQWV WKH ODUJHU IULFWLRQ
FRHIILFLHQW WKHJUHDWHUSURSRUWLRQRI WRUTXHFRQVXPHG WRRYHUFRPH WKH IULFWLRQDO UHVLVWDQFHGXULQJ WKHSURFHVVRI
WLJKWHQLQJ WKXV WKH VPDOOHU WKH SUHORDG LV ,Q WKLV SDSHU DQDO\VLV RI WKH HIIHFW RI IULFWLRQ FRHIILFLHQW RI HQJDJHG
WKUHDGVDQGFRQWDFW VXUIDFHEHWZHHQQXWDQGIODQJHRQ WLJKWHQLQJ WRUTXHFRHIILFLHQW LV VWXGLHG)LUVWO\ZHVHW WKH
YDOXHRIIULFWLRQFRHIILFLHQWRIFRQWDFWVXUIDFHEHWZHHQQXWDQGIODQJHDVDQGOHW LWUHPDLQFRQVWDQW7KHSUH
WLJKWHQLQJSURFHVVRIEROWHG IODQJH LV VLPXODWHG DQG WKH UHODWLRQ FXUYHVRI WRUTXH DQGSUHORDG DUHREWDLQHGZKHQ
IULFWLRQFRHIILFLHQWRIHQJDJHGWKUHDGVLVDQGUHVSHFWLYHO\ZKLFKLVVKRZQLQ)LJ
6HFRQGO\ZHVHW WKHYDOXHRI IULFWLRQFRHIILFLHQWRI HQJDJHG WKUHDGVDVDQG OHW LW UHPDLQFRQVWDQW7KHSUH
WLJKWHQLQJSURFHVVRIEROWHG IODQJH LV VLPXODWHG DQG WKH UHODWLRQ FXUYHVRI WRUTXH DQGSUHORDG DUHREWDLQHGZKHQ
IULFWLRQFRHIILFLHQWRIFRQWDFWVXUIDFHEHWZHHQQXWDQGIODQJHLVDQGUHVSHFWLYHO\ZKLFK
LVVKRZQLQ)LJ
$V FDQEH VHHQ IURP)LJV  DQG IULFWLRQ FRHIILFLHQW RI VOLGLQJ VXUIDFHVKDV DJUHDW LPSDFW RQ WLJKWHQLQJ
WRUTXH FRHIILFLHQW ,Q RUGHU WR FRQGXFW WKH FRPSDUDWLYH DQDO\VLV RI WKH HIIHFW RI tP DQG bP RQ WLJKWHQLQJ WRUTXH
FRHIILFLHQWZH REWDLQ WKH YDOXH RI k XQGHU GLIIHUHQW FRQGLWLRQV DFFRUGLQJ WR )LJV DQG ZKLFK LV VKRZQ LQ
WDEOHDQGWDEOH
7DEOH7KHYDOXHRI k XQGHUHDFKYDOXHRI tP ZKHQ bP  
tP      
k      
7DEOH7KHYDOXHRI k XQGHUHDFKYDOXHRI bP ZKHQ tP  
bP      




)LJ5HODWLRQVKLSEHWZHHQWRUTXHDQGSUHORDGXQGHUHDFKYDOXHRI tP ZKHQ bP  
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UHSUHVHQWWKHUHODWLRQVKLSEHWZHHQ k DQG bP ZKHQ tP UHPDLQVFRQVWDQWZKLOH,QFUHPHQWUHSUHVHQWWKHUHODWLRQVKLS
EHWZHHQ k DQG tP ZKHQ bP UHPDLQVFRQVWDQW
)LJXUHVKRZVWKDWWKHLQFUHPHQWRIWLJKWHQLQJWRUTXHFRHIILFLHQWLQFUHDVHVZLWKWKHLQFUHDVLQJRIWKHLQFUHPHQW
RIIULFWLRQFRHIILFLHQW,QDGGLWLRQ bP KDVDJUHDWHULPSDFWRQWLJKWHQLQJWRUTXHFRHIILFLHQWWKDQ tP DQGWKHODUJHU
WKH FRHIILFLHQW RI IULFWLRQ LV WKH PRUH QRWLFHDEOH WKH WUHQG LV 7KHUHIRUH ZH VKRXOG SD\ PRUH DWWHQWLRQ WR WKH




,Q WKLVSDSHUSUHFLVH WKUHHGLPHQVLRQDO ILQLWH HOHPHQWPRGHORIEROW DQGQXW FRQVLGHULQJKHOL[DQJOHKDVEHHQ
HVWDEOLVKHGWRVLPXODWHWKHSUHWLJKWHQLQJSURFHVVIRUWKUHDGHGFRQQHFWLRQVRISUHVVXUHYHVVHO7KHVWUHVVGLVWULEXWLRQ












IULFWLRQ FRHIILFLHQW RI FRQWDFW VXUIDFH EHWZHHQQXW DQG IODQJHKDVJUHDWHU LPSDFW RQ WLJKWHQLQJ WRUTXH FRHIILFLHQW
WKDQWKHIULFWLRQFRHIILFLHQWRIHQJDJHGWKUHDGVDQGWKHODUJHUWKHFRHIILFLHQWRIIULFWLRQLVWKHPRUHQRWLFHDEOHWKH
WUHQG LV:H VKRXOG SD\PRUH DWWHQWLRQ WR WKH OXEULFDWLRQ RI FRQWDFW VXUIDFHV EHWZHHQ QXW DQG IODQJH LQ WKH SUH
WLJKWHQLQJSURFHVVRIWKUHDGHGIODQJHVWUXFWXUHRISUHVVXUHYHVVHO
$FNQRZOHGJHPHQW
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